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(57) ABSTRACT

A thermally assisted magnetic recording head 1s formed of a
slider and a magnetic head. The magnetic head includes a
main pole, a reader, a coil, a near-field transducer, and a
waveguide. A metal film with high thermal conductivity 1s
formed at both sides of the near-field transducer 1n a width
direction of the magnetic head. The use of the metal film as a
radiator plate ensures to prevent the temperature of the near-
field transducer from becoming locally high.

14 Claims, 10 Drawing Sheets
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THERMALLY ASSISTED MAGNETIC
RECORDING HEAD

The present application claims priority from Japanese
application serial No. 2009-274437, filed on (Dec. 2, 2009),
the content of which 1s hereby incorporated by reference 1nto
this application.

BACKGROUND OF THE INVENTION

Field of the Invention

The present mnvention relates to a thermally assisted mag-
netic recording head, and more particularly, to a thermally
assisted magnetic recording head for suppressing a tempera-
ture rise of a near-field transducer.

Thermally assisted magnetic recording 1s one of technolo-
gies for markedly improving the recording density of a mag-
netic disc device. The thermally assisted magnetic recording,
1s employed for recording data 1n a disc by applying heat at
the temperature of 200° C. or higher and a magnetic field to a
microregion (several tens nmxseveral tens nm) on the disc.
The use of laser beams converted into the near-field light by
the near-field transducer disposed near the main pole has been
considered as means for heating the microregion.

In the case of using the thermally assisted magnetic record-
ing head, only a small percentage of the laser power, which
has been applied and converted 1nto the near-field light by the
near-field transducer, contributes to heating of the disc. The
rest of the laser power 1s absorbed by the material as a con-
stituent of the near-field transducer for generating heat. Since
the near-field transducer 1s enclosed by an alumina film with
low thermal conductivity, the generated heat 1s kept inside. So
the temperature of the near-field transducer becomes consid-
erably high, with a local temperature of nearly 1000° C.,
which may damage the near-field transducer. The aforemen-
tioned local temperature rise causes thermal deformation and
the head protrudes to be brought into collision against the
disc, resulting 1n wear of the near-field transducer. The colli-
s1on may cause adhesion of contamination onto the magnetic
head.

A thermally assisted magnetic recording head has been
introduced 1n JP-A No. 2009-54205 as the aforementioned
prior art. The disclosed thermally assisted magnetic recording
head 1s structured to have a main pole disposed at a side where
the light 1s deflected by the waveguide, and the main pole end
portion protrudes toward the side where the light 1s detlected.
The waveguide protrudes from an air bearing surface to be
higher than the main pole end portion, and has the near-field
transducer formed at the leading end.

The protruding waveguide makes the main pole and the
near-field transducer apart from each other in the normal
direction of the air bearing surface, while making the main
pole and the near-field transducer adjacent with each other in
the in-plane direction. The structure makes it possible to
suppress absorption of the laser beam by the main pole while
elfectively applying heat and magnetic field to the disc.

The atorementioned prior art 1s structured to suppress
absorption of the laser beam by the main pole rather than
suppressing absorption of the laser beam by the near-field
transducer. So the temperature of the near-field transducer
becomes considerably high, and thus the near-field transducer
1s damaged. The thermal deformation owing to the local
temperature rise may cause the head to protrude to be brought
into collision against the disc, resulting 1n wear of the near-
field transducer. The collision further causes adhesion of con-
tamination to the magnetic head. Since the structure has the
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protruding waveguide, the contact with the disc 1s highly
likely to wear out the near-field transducer.

SUMMARY OF THE INVENTION

The present ivention provides a thermally assisted mag-
netic recording head capable of preventing damage of the
near-field transducer 1n the heat generated through absorption
of the laser beam by the near-field transducer.

The present mvention 1s structured to form a metal film
near the near-field transducer on the air bearing surface of the
thermally assisted magnetic recording head, connect a mag-
netic film (secondary magnetic pole) formed near the near-
field transducer to the near-field transducer via a metal body
on the air bearing surface of the thermally assisted magnetic
recording head, and connect one end of a grounded metal
wiring which 1s formed on the magnetic head to the near-field
transducer. The aforementioned means may be arbitrarily
combined.

The present invention allows release of the heat generated
through absorption of the laser beam by the near-field trans-
ducer, thus preventing the temperature of the near-field trans-
ducer from becoming high.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view ol a magnetic disc device to
which the present invention 1s applied;

FIG. 2 1s a side view illustrating a thermally assisted mag-
netic recording head and its periphery according to the
present invention;

FIG. 3 1s a partial cutaway view of the thermally assisted
magnetic recording head according to a first embodiment of
the present invention;

FIG. 4 1llustrates the thermally assisted magnetic recording
head according to the first and sixth embodiments of the
present invention when seen from the air bearing surface;

FIG. § 1s a graph representing an effect derived from the
first embodiment of the present invention;

FIG. 6 1s a partial cutaway view of a thermally assisted
magnetic recording head according to a second embodiment
of the present invention;

FIG. 7 1llustrates the thermally assisted magnetic recording
head according to the second embodiment of the present
invention when seen from the air bearing surface;

FIG. 8 1s a graph representing an eflect derived from the
second embodiment of the present invention;

FIG. 9 1s a partial cutaway view of the thermally assisted
magnetic recording head according to third and sixth embodi-
ments of the present invention;

FIG. 10 1llustrates the thermally assisted magnetic record-
ing head according to fourth and seventh embodiments of the
present invention when seen from the air bearing surface; and

FIG. 11 1s a sectional view of the thermally assisted mag-
netic recording head according to fifth and seventh embodi-
ments of the present mvention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A general structure of a magnetic disc device to which the
thermally assisted magnetic recording head according to the
present invention 1s applied will be described betfore expla-
nation of embodiments of the present invention. FIG. 1 1s a
perspective view illustrating an inner structure of a magnetic
disc device.
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Referring to the drawing, a disc 1 1s rotatably supported. A
magnetic head 2 1s formed at a leading end surface of a slider
3 to form a thermally assisted magnetic recording head which
1s kept above the recording surface of the disc 1 at a prede-
termined distance. The slider 3 1s supported at a suspension 4.
The suspension 4 1s supported at a carriage arm 5 which 1s
swingably supported at a p1vot 6 as a rotary shatt. A voice coil
motor 7 1s driven to swing the carriage arm 3, and to move the
thermally assisted magnetic recording head on a desired track

of the rotating disc 1 for recording and reproducing the infor-
mation.

FIG. 2 1s an enlarged side view of the thermally assisted
magnetic recording head and its periphery shown 1n FIG. 1.
Referring to the drawing, the suspension 4 1s formed of a
flexure 41 and a load-beam 42. The slider 3 connected to the
flexure 41 of the suspension 4 receirves a pressure force
directed from the load-beam 42 to the disc 1 via a dimple 43
formed 1n the load-beam 42 of the suspension 4.

An air bearing surface 31 of the slider 3 has a step (not
shown) formed therein. When a swirl flow of the disc 1 from
a leading edge 32 to a trailing edge 33 of the slider 3 flows into
the space between the disc 1 and the slider 3, positive and
negative pressures are locally generated. Under the positive
and negative pressures and the force exerted from the load-

beam 42, the slider 3 1s allowed to be kept above the disc 1 at
a distance of several nanometers 1n a stable state.

First Embodiment

A first embodiment of the thermally assisted magnetic
recording head according to the present invention will be
described referring to FIGS. 3 and 4. FIG. 3 1s a cutaway view
of the magnetic head 2 taken along the line for connecting
midpoints of the leading edge 32 and the trailing edge 33
shown in FI1G. 2. FI1G. 4 15 a view of the magnetic head 2 when
seen from the air bearing surface 31. The magnetic head 2
includes a main pole 21, a reader 22, a coil 23, a near-field
transducer 24 and a waveguide 23.

The thermally assisted magnetic recording head allows the
near-field transducer 24 to generate the near-field light by
irradiating a laser beam to the waveguide 23 to locally heat the
disc 1 so that the coercive force at the heated point 1s lowered,
and simultaneously allows the magnetic field to be generated
at the leading end of the main pole 21 by applying the electric
current to the coil 23. The mformation 1s recorded 1n the disc
1 by inverting the generated magnetic field.

However, only a small percentage of the applied laser
power 1s converted into the near-field light by the near-field
transducer 24, and the rest of the power 1s absorbed by the
material as the constituent of the near-field transducer 24.
Since the near-field transducer 24 1s enclosed by an alumina
f1lm with low thermal conductivity, the generated heat 1s kept
inside. So the local temperature of the near-field transducer
becomes considerably high. The near-field transducer 24 par-
tially melts and collides against the disc 1 owing to the local
thermal deformation, resulting in wear of the near-field trans-
ducer 24, and adhesion of contamination thereto.

In the embodiment, a metal film 26 with high thermal
conductivity 1s formed to extend from both sides of the near-
field transducer 24 1n the width direction of the magnetic head
when seen from the air bearing surface 31. The metal film 26
serving as a radiator plate allows prevention of the tempera-
ture of the near-field transducer 24 from becoming locally
high.

In the embodiment, the metal film 26 extends widthwise so
as to be easily processed as the magnetic head 2 1s formed
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through widthwise lamination with respect to the slider 3.
However, the metal film 26 may be extended lengthwise or 1n

another direction.

FIG. 5 1s a graph representing comparison of change 1n the
temperature ol the near-field transducer 24 of the thermally
assisted magnetic recording head between the present
embodiment and the prior art when the same laser power 1s
absorbed by the near-field transducer 24. The Y-axis denotes
the temperature value relative to the maximum temperature of
the generally employed thermally assisted magnetic record-
ing head which 1s set to the value 1. The graph shows that the
structure according to the embodiment 1s capable of suppress-
ing the temperature rise of the near-field transducer 24.

The first embodiment allows release of the heat generated
through absorption of the laser beam by the near-field trans-
ducer, thus preventing the temperature of the near-field trans-
ducer from becoming high. This may prevent wear of the
near-field transducer or adhesion of the contamination thereto
resulting from melting of the near-field transducer or 1ts col-
lis1on against the disc owing to the local thermal deformation.
Then the thermally assisted magnetic recording for markedly
improving the recording density of the magnetic disc device
may be realized.

Second Embodiment

A thermally assisted magnetic recording head according to
a second embodiment of the present invention will be
described referring to FIGS. 6 and 7. FIG. 6 1s a cutaway view
of the magnetic head 2 taken along the line for connecting
midpoints of the leading edge 32 and the trailing edge 33 as
shown in FI1G. 2. FI1G. 7 1s a view ol the magnetic head 2 when
seen from the air bearing surface 31.

The magnetic head 2 includes the main pole 21, the reader
22, the coil 23, the near-field transducer 24 and the waveguide
25. A magnetic film (secondary magnetic pole) 27 1s formed
near the near-field transducer 24. In the embodiment, the
magnetic film 27 and the near-field transducer 24 are con-
nected via a metal body 28 with high thermal conductivity
when seen from the air bearing surface 31. The structure
releases the heat of the near-field transducer 24 to the mag-
netic layer 27 via the metal body 28. The use of the magnetic
layer 27 serving as a heat sink/radiator plate prevents the
temperature of the near-field transducer 24 from becoming
locally high.

The device may be structured to release the heat to the main
pole 21. However, the area of the main pole 21 seen from the
air bearing surface 31 1s too small to effectively serve as the
radiator plate. It 1s also 1nadvisable to employ the aforemen-
tioned structure 1 view of the optical conversion eificiency
and thermal deformation. The device may be structured to
release the heat to the slider 3. However, the distance between
the near-field transducer 24 and the slider 3 1s too large to
cifectively establish the heat transfer.

FIG. 8 1s a graph representing the comparison of change in
the temperature of the near-field transducer 24 of the ther-
mally assisted magnetic recording head between the present
embodiment and the prior art when the same laser power 1s
absorbed by the near-field transducer 24. The Y-axis denotes
the temperature value relative to the maximum temperature of
the generally employed thermally assisted magnetic record-
ing head, which 1s set to the value 1. The embodiment shows
that it 1s capable of suppressing the temperature rise of the
near-field transducer 24.

[ike the first embodiment, the second embodiment allows
release of the heat generated through absorption of the laser
beam by the near-field transducer, thus preventing the tem-
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perature of the near-field transducer from becoming high.
This may prevent wear of the near-field transducer or adhe-
sion of the contamination thereto resulting from melting of
the near-field transducer or 1ts collision against the disc owing
to the local thermal deformation. Then the thermally assisted
magnetic recording for markedly improving the recording
density of the magnetic disc device may be realized.

Third Embodiment

A thermally assisted magnetic recording head according to
a third embodiment of the present invention will be described
referring to FIG. 9. FI1G. 9 15 a cutaway view of the magnetic
head 2 taken along the line for connecting midpoints of the
leading edge 32 and the trailing edge 33 shown in FIG. 2. The
magnetic head 2 includes the main pole 21, the reader 22, the
coil 23, the near-field transducer 24, the waveguide 25, and a
metal wiring 29 1n the magnetic head.

In the embodiment, the near-field transducer 24 1s con-
nected to the metal wiring 29 1n the magnetic head. The metal
wiring 29 1s grounded for preventing the disc 1 from being
damaged owing to discharge. The heat of the near-field trans-
ducer 24 1s released to the metal wiring 29 1n the magnetic
head. The use of the metal wiring 29 1n the magnetic head as
a heat sink makes 1t possible to prevent the temperature of the
near-field transducer 24 from becoming locally high.

Like the first embodiment, the embodiment allows release
of the heat generated through absorption of the laser beam by
the near-field transducer, thus preventing the temperature of
the near-field transducer from becoming high. This may pre-
vent wear of the near-field transducer or adhesion of the
contamination thereto resulting from melting of the near-field
transducer or 1ts collision against the disc owing to the local
thermal deformation. Then the thermally assisted magnetic
recording for markedly improving the recording density of
the magnetic disc device may be realized.

Fourth Embodiment

A thermally assisted magnetic recording head according to
a fourth embodiment of the present ivention will be
described referring to FIG. 10 as a view 1illustrating the mag-
netic head 2 seen from the air bearing surface 31. The mag-
netic head 2 includes the main pole 21, the reader 22, the coil
23 (not shown), the near-field transducer 24, and the
waveguide 25 (not shown). The magnetic film (secondary
magnetic pole) 27 1s formed near the near-field transducer 24.

In the embodiment, the metal film 26 with high thermal
conductivity 1s formed to extend from both sides of the near-
field transducer 24 1n the width direction of the magnetic head
when seen from the air bearing surface 31. When seen from
the air bearing surface 31, the magnetic film 27 and the
near-field transducer 24 are connected via the metal body 28
with high thermal conductivity. Since the metal film 26 1s
used as a radiator plate and the magnetic film 27 1s used as a
heat sink/radiator plate, the temperature of the near-field
transducer 24 may be prevented from becoming locally high.

The aforementioned structure includes features derived
from the first and the second embodiments, and 1s capable of
turther suppressing the temperature rise of the near-field
transducer 24 compared with the first and the second embodi-
ments.

Fitth Embodiment

A thermally assisted magnetic recording head according to
a fifth embodiment of the present invention will be described
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referring to FIG. 11. FIG. 11 1s a cutaway view ol the mag-
netic head 2 taken along the line for connecting midpoints of
the leading edge 32 and the trailing edge 33 shown in FIG. 2.
The magnetic head 2 includes the main pole 21, the reader 22,
the coil 23, the near-field transducer 24, the waveguide 25, the
magnetic film (secondary magnetic pole) 27, and the metal
wiring 29. The metal wiring 29 1s grounded for preventing the
disc 1 from being damaged owing to the discharge.

In the embodiment, the near-field transducer 24 and the
magnetic film 27 are connected via the metal body 28 with
high thermal conductivity, and the near-field transducer 24
and the metal wiring 29 1n the magnetic head are connected
when seen from the air bearing surface 31. Accordingly, the
heat of the near-field transducer 24 1s released to the magnetic
film 27 via the metal body 28 so that the magnetic film 27
serves as a heat sink/radiator plate. Furthermore, the heat of
the near-field transducer 24 1s released to the metal wiring 29
in the magnetic head so that the metal wiring 29 1n the mag-
netic head serves as a heat sink for preventing the temperature
ol the near-field transducer 24 from becoming locally high.

The aforementioned structure includes features derived
from the second and the third embodiments, and 1s capable of
further suppressing temperature rise of the near-field trans-
ducer 24 compared with the second and the third embodi-
ments.

Sixth Embodiment

A thermally assisted magnetic recording head according to
a s1xth embodiment of the present invention will be described
referring to FIGS. 4 and 9. The cutaway view of the thermally
assisted magnetic recording head taken along the line for
connecting midpoints of the leading edge 32 and the trailing
edge 33 1s the same as the one shown 1n FIG. 9. The view of
the thermally assisted magnetic recording head according to
the embodiment seen from the air bearing surface becomes
the same as the one shown 1n FIG. 4.

The magnetic head 2 includes the main pole 21, the reader
22, the coi1l 23, the near-field transducer 24, the waveguide 25,
and the metal wiring 29. The metal wiring 29 1n the magnetic
head 1s grounded for preventing the disc 1 from being dam-
aged owing to the discharge.

In the embodiment, the metal film 26 with ligh thermal
conductivity 1s formed to extend from both sides of the near-
field transducer 24 1n the width direction of the magnetic head
when seen from the air bearing surface 31. The near-field
transducer 24 and the metal wiring 29 in the magnetic head
are connected. This makes it possible to allow the metal film
26 to serve as a radiator plate for releasing the heat of the
near-field transducer 24 to the metal wiring 29 in the magnetic
head. The use of the metal wiring 29 1n the magnetic head as
a heat sink may prevent the temperature of the near-field
transducer 24 from becoming locally high.

The atorementioned structure has features dertved from the
first and the third embodiments, and 1s capable of further
suppressing the temperature rise of the near-field transducer
24 compared with the first and the third embodiments.

Seventh Embodiment

A thermally assisted magnetic recording head according to
a seventh embodiment of the present invention will be
described referring to FIGS. 10 and 11. The cutaway view of
the thermally assisted magnetic recording head taken along
the line for connecting midpoints of the leading edge 32 and
the trailing edge 33 shown 1n FIG. 2 1s the same as the one
shown 1n FIG. 11. The view of the thermally assisted mag-
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netic recording head according to the embodiment seen from
the air bearing surface 31 1s the same as the one shown 1n FIG.
10.

The magnetic head 2 includes the main pole 21, the reader
22, the coil 23, the near-field transducer 24, the waveguide 25,
the magnetic film (secondary magnetic pole) 27, and the
metal wiring 29. The metal wiring 29 1n the magnetic head 1s
grounded for preventing the disc 1 from being damaged
owing to the discharge.

In the embodiment, the metal film 26 with high thermal
conductivity 1s formed to extend from both sides of the near-
field transducer 24 1n the width direction of the magnetic head
when seen from the air bearing surface 31. The magnetic film
27 and the near-field transducer 24 are connected via the
metal body 28 with high thermal conductivity, and the near-
field transducer 24 and the metal wiring 29 in the magnetic
head are connected when seen from the air bearing surface 31.

The metal film 26 1s used as a radiator plate, and the
magnetic film 27 1s used as a heat sink/radiator plate for
releasing the heat of the near-field transducer 24 to the metal
wiring 29 in the magnetic head. The use of the metal wiring 29
as a heat sink may prevent the temperature of the near-field
transducer 24 from becoming locally high.

The aforementioned structure includes features derived
from the first, second and third embodiments, and 1s capable
of further suppressing the temperature rise of the near-field
transducer 24 compared with the first, second and third
embodiments.

The thermally assisted magnetic recording head according,
to the present invention may be employed for a magnetic disc
device with high recording density.

What 1s claimed 1s:

1. A thermally assisted magnetic recording head provided
with a slider and a magnetic head formed on an end surface of
the slider,

wherein the magnetic head includes a reader, a magnetic

film, a main pole, a coil, a near-field transducer formed
on an air bearing surface near the main pole, and a
waveguide for guiding light to the near-field transducer;
and

wherein a metal film 1s formed near the near-field trans-

ducer, the metal film being a radiation plate for releasing
heat caused by the near-field transducer and being
formed to extend from both sides of the near-field trans-
ducer 1n a widthwise direction of the magnetic head.

2. The thermally assisted magnetic recording head accord-
ing to claim 1, wherein the metal film 1s formed of a high
thermal conductivity material.

3. The thermally assisted magnetic recording head accord-
ing to claim 1, wherein the near-field transducer and the
magnetic film are connected via a metal body.

4. The thermally assisted magnetic recording head accord-
ing to claam 3, wherein the magnetic film 1s a magnetic
maternal other than a primary magnetic pole near the near-
field transducer.
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5. The thermally assisted magnetic recording head accord-
ing to claim 1, wherein a metal wiring 1s formed in the
magnetic head, and has one end connected to the near-field
transducer and another end grounded.

6. A thermally assisted magnetic recording head provided
with a slider and a magnetic head formed on an end surface of
the slider,

wherein the magnetic head includes a reader, a magnetic

film, a main pole, a coil, a near-field transducer formed
on an air bearing surface near the main pole, and a

waveguide for guiding light to the near-field transducer;
and

wherein the near-field transducer and the magnetic film are
connected via a metal body for releasing heat caused by
the near-field transducer to the magnetic film.

7. The thermally assisted magnetic recording head accord-
ing to claim 6, wherein the metal body 1s formed of a high
thermal conductivity material.

8. The thermally assisted magnetic recording head accord-
ing to claim 6, wherein the magnetic film 1s a magnetic
material other than a primary magnetic pole near the near-
field transducer.

9. The thermally assisted magnetic recording head accord-
ing to claim 6, wherein a metal wiring 1s formed in the
magnetic head, and has one end connected to the near-field
transducer and another end grounded.

10. A thermally assisted magnetic recording head provided
with a slider and a magnetic head formed on an end surface of
the shider,

wherein the magnetic head includes a reader, a magnetic

f1lm, a main pole, a coil, a near-field transducer formed
on an air bearing surface near the main pole, and a
waveguide for guiding light to the near-field transducer;
and

a metal wiring 1s formed 1n the magnetic head, and has one

end connected to the near-field transducer and another
end grounded, the metal wiring releasing heat caused by
the near-field transducer and functioning as a heat sink.

11. The thermally assisted magnetic recording head
according to claim 10,

wherein a metal film 1s formed near the near-field trans-

ducer; and

the near-field transducer and the magnetic film are con-

nected via a metal body.

12. The thermally assisted magnetic recording head
according to claim 11, wherein each of the metal film and the
metal body 1s formed of a high thermal conductivity material.

13. The thermally assisted magnetic recording head
according to claim 11, wherein the metal film 1s formed to
extend from both sides of the near-field transducer 1n a width-
wise direction of the magnetic head.

14. The thermally assisted magnetic recording head
according to claim 11, wherein the magnetic film 1s a mag-
netic material other than a primary magnetic pole near the
near-field transducer.
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